Intensity and frequency of extreme rainfall are expected to change in future due to anthropogenic climate change; however, this change may not be uniform across spatial and temporal scale. This paper examines the trends of sub-hourly, sub-daily and daily extreme rainfall events from 38 rainfall stations located in southeast Australia. Two non-parametric tests (Mann-Kendall and Spearman Rho) were applied to detect trends at 10, 5 and 1% significance levels. The sub-hourly (6, 12, 18 and 30 min) and sub-daily (1, 2 and 6 h) annual maximum rainfall events generally showed an upward (positive) trend. However, the longer duration rainfall events (12-72 h) generally showed a downward 
INTRODUCTION
Rainfall affects many aspects of the environment through droughts, floods and catchment hydrological processes; consequently, a possible change in future rainfall at a given region will have a notable impact on the environment. One of the potential impacts of the warming of the climate system is the increased moisture content in the atmosphere causing an overall increase in the volume of rainfall in the global hydrologic cycle (Trenberth ) . However, due to high temporal and spatial variability of rainfall, increases in rainfall would not be uniform in space (Alexander et al. ) . It has become an important research question whether the extreme rainfall at a given region would change in future due to climate change (Westra & Sisson ) . It is generally agreed that as temperature increases, the intensity of heavy precipitation events would also increase in many regions globally, including some regions where average precipitation may decrease (Meehl et al. ) . (), Westra & Sisson () and Jakob et al. (a, b) evaluated changes in sub-daily extreme rainfalls, and found that changes in short duration rainfall data are in greater magnitude than the longer duration ones. Chen et al. (a) examined trends in annual mean maximum and minimum temperatures, annual rainfall, and shortduration rainfall intensities using data of the past 100 years at nine stations around eastern Australia. They found that rainfall intensities at longer durations (>1 h) were positively correlated with annual rainfall, and rainfall intensities for durations less than 1 h were positively correlated with annual mean maximum temperature. Chen et al. (b) suggested that for 6 min duration, rainfall intensity would increase despite a decrease in the mean annual rainfall.
Many of the previous research studies have examined the trends in annual, seasonal, monthly and daily rainfall data. In the design of urban water infrastructure, short-duration rainfall is more important than longer duration ones since hydrological processes of sewer and urban drainage systems operate at relatively smaller catchment scales The objective of this study is to investigate the existence of trends in sub-hourly, sub-daily and daily rainfall events in eastern Australia. The selected study area is located on the border of New South Wales and Queensland states in eastern Australia, which covers Brisbane and Gold Coast cities and adjacent areas. It should be noted that east coast of Australia has the highest population density in Australia and has extensive urban developments with many large and small cities. This study in particular examines the trends in shorter duration extreme rainfall events, which are more important for urban stormwater design.
METHOD AND DATA
Non-parametric trend tests were adopted in this study since this is robust with respect to non-normality, nonlinearity, missing values, serial dependency and outliers in the data (Yue et al. ) . The most frequently used non-parametric test for identifying trends in hydrological time series data is the Mann-Kendall (MK) test (Mann ; Kendall ), which is a rank-based distribution-free method for identifying trends. In this study, in addition to the MK test, the Spearman Rho (SR) test (another commonly used non-parametric test) was adopted to examine whether the test results were sensitive to a particular test.
The null hypothesis in the MK test states that the data (X 1 , X 2 , …, X n ) are a sample of n independent and identically distributed random variables. The MK test statistic is given by
where X represents a univariate time-series, i and j denote the time indices associated with individual values, n is the number of data points and sign is determined as follows:
As documented in Mann () and Kendall (), the statistic S under the null hypothesis is approximately normally distributed for n ! 8 with mean and variance as follows:
where t l indicates the number of ties of extent l, and L is the number of tied groups. Under the null hypothesis, the standardized test statistic (Z ) defined in Equation (5) and its corresponding p-value are approximately normally distributed
The null hypothesis is rejected at a significance level α if Z s j j > Z crit , where Z crit is the value of the standard normal distribution with an exceedance probability of α=2. In our analysis, the statistically significant trends are evaluated at the 10% significance level (α ¼ 0:1 , two-tailed test).
In the SR test, the null hypothesis H 0 ð Þ is that all the data X i in the time series are independent and identically distributed, while the alternative hypothesis H i ð Þ is that X i increases or decreases with i, that is trend exists (Yue et al. ) . The SR test statistic D is given by
where R i is the rank of ith observation X i in the time 
RESULTS
The trend test was conducted at three different significance levels (10, 5 and 1% Extreme rainfall frequency analysis is conducted to obtain design rainfall intensities for infrastructure projects and flood mitigation works. Therefore, there is a link between trends in extreme rainfalls and design of infrastructure projects and flood protection structures. If statistically significant trends are detected in rainfall data series, extreme rainfall non-stationarity should be investigated with further analysis (i.e. non-stationary extreme value distribution models and/or statistical non-stationarity tests) (Yilmaz & Perera ) . However, investigation of 
